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We hypothesized that immune gene-related signa-
tures would predict the presence of unique histolog-
ical features of lymphoid cell infiltrates in colorectal
carcinoma (CRC) that correlate with clinical parame-
ters. Metagene analysis with gene chip technology
was performed on 326 CRCs, which were then sorted
by low versus high gene scores. Microscopically,
CRCs with a high gene score revealed a marked host
immune response organized, remarkably, as lym-
phoid follicles. Proliferation involved both B and T
cells. In every case, the presence of CD79a� B-cell
precursors was identified, suggesting that the lym-
phoid follicles represent newly formed, ectopic
lymph node-like structures. CD21� dendritic cells
were present within the follicular germinal centers,
and CD3� T cells were localized mainly in the para-
follicular cortex zone surrounding the B-cell area of
the follicles. A strong correlation between a 12-
chemokine gene subset of the molecular profile and
the presence of ectopic lymph node-like structures
was associated with better patient survival indepen-
dent of tumor staging, site location, microsatellite in-
stability or stability, and patient treatment. These
findings suggest beneficial, intratumoral immune cell
priming and raise the possibility of immunotherapy
intervention decisions based on molecular signatures
that can identify the presence of tumor-localized, ec-
topic lymph node-like structures. (Am J Pathol 2011,

179:37–45; DOI: 10.1016/j.ajpath.2011.03.007)

Colorectal adenocarcinoma (CRC) is one of the most

common malignancies, accounting for approximately
15% of all cancer-related deaths in the United States. The
prevalence of CRC increases with age, the largest num-
ber of tumors occurring during the sixth decade. The
expected annual incidence of this tumor has risen over
the last decade, and 149,000 new cases were estimated
in 2009.1 If not diagnosed and treated early, this tumor
spreads through the entire bowel wall, extends to adja-
cent organs, and eventually metastasizes to regional
lymph nodes and distant sites. The majority of deaths
from CRC occur in patients with metastatic late-stage
tumors, most of which are incurable.

Tumor-induced host immune response has been de-
scribed in breast,2–5 lung,6,7 ovarian,8,9 and colorec-
tal10,11 cancer, among other solid tumor types. This re-
sponse may include fibrosis, lymphocytic or neutrophilic
infiltration, and other reactive changes within the tumor
and/or in the surrounding tissue. CRC is known to elicit an
inflammatory immune reaction composed of acute and/or
chronic inflammatory cells, including lymphocytes, infil-
trating the tumor and the surrounding colonic wall. The
lymphocytic component of this response has been shown
to include some antigen-specific T cells originating with-
out prior immunotherapy.12,13 We therefore hypothesized
that immune gene-related signatures would predict the
presence of unique histological features of lymphoid cell
infiltrates in colorectal carcinoma (CRCs) that correlate
with clinical parameters.

In the present study, we focused on interrogating the
Moffitt Cancer Center CRC gene profiling database of
347 samples (normal and tumor) exhibiting the highest or
lowest expression of genes biologically related to the
host immune response, with the specific aim of determin-
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ing whether or not unique distinctions exist in the pattern
and composition of lymphoid infiltrates that correlate with
defined clinical parameters. Archived histological sec-
tions representative of these selected cases were subse-
quently examined histologically to confirm the presence
or absence of immune cell infiltrates, as well as their
patterns of organization; immunohistochemistry (IHC)
was used to determine cellular phenotype. Microscopi-
cally, the CRCs with the highest gene scores revealed a
marked lymphocytic host response organized, remark-
ably, as active lymphoid follicles or ectopic lymph node-
like structures. We further evaluated this observation for
linkages to tumor staging, tumor site location, microsat-
ellite instability/stability status, patient treatment, and pa-
tient survival. Collectively, the findings suggest beneficial
immune cell priming outside of the peripheral lymphoid
tissues, predicted by certain immune gene signatures,
which could be potentially beneficial for immunotherapy-
based intervention decisions.

Materials and Methods

mRNA Microarray Analysis

In all, 12 normal colorectal mucosa samples, 9 normal
liver samples, and 326 colorectal adenocarcinoma tumor
specimens (19 annotated as metastasis, 265 as primary,
and 42 as unknown) from patients treated at the Moffitt
Cancer Center under a University of South Florida Insti-
tutional Review Board-approved protocol were arrayed
on Affymetrix HG-U133� GeneChip microarrays (de-
noted MCC CRC500) (Affymetrix, Santa Clara, CA). The
chip contained 20,155 unique genes. For the present
study, this existing MCC CRC500 database was interro-
gated and the data were processed using a robust mul-
tichip average (RMA) normalization algorithm as imple-
mented with default settings in the Affymetrix Power Tools
software package, which comprises a set of cross-plat-
form command-line programs that implement algorithms
for analyzing and working with Affymetrix GeneChip ar-
rays. Obtained probe set intensities were then converted
to log10 transformed values. When selecting probes for
heat maps, we started with all gene symbols from a given
family and then reduced the set to probes that showed
the desired correlation pattern.

Selection of Human Tissues

We interrogated the MCC CRC500 gene profiling data-
base for the presence of genes biologically related to
inflammation and immune response. We selected the 10
CRCs with the highest expression of these genes and
compared them with the 11 CRCs with the lowest expres-
sion of the same genes (two of the CRCs, denoted
T2157A1 and T2157A3, are separate samples obtained
from the same patient). The histological slides corre-
sponding to these cases (prepared from the mirror-image
of the portion of tumor submitted for the mRNA microar-
ray analysis) were retrieved from the Moffitt Cancer Cen-
ter Anatomical Pathology Division’s repository. All of the

specimens were preserved in 10% buffered formalin be-
fore paraffin embedding. The slides were reviewed to
assess the presence of microscopically evident host im-
mune response. The final pathology report for each case
was also reviewed, and the pathological data were col-
lected.

The tumors were staged according to both Dukes and
tumor–node–metastasis (TNM) systems. All tumors oc-
curred in the absence of genetic cancer syndromes
such as human nonpolyposis colon cancer syndrome
(HNPCC), familial adenomatous polyposis syndrome
(FAP), among others. Cancers arising in the back-
ground of ulcerative colitis or Crohn’s disease were
excluded. Linked, annotated clinical follow-up data (in-
cluding survival) and treatments received were also
available in the database.

Microsatellite Instability or Stability Analysis

Prediction of microsatellite instability or stability (MSI/
MSS) status was performed by linear discriminant mod-
eling using four independently derived signatures predic-
tive of MSI/MSS status,14–17 trained on samples with
known MSI/MSS status (100 MSS and 7 MSI samples).17

Scores for these four MSI signatures were found to be
highly concordant and correctly predicted status of 7 of
the 7 MSI samples and 94 of the 100 MSS samples.17

IHC and Analysis

The tissues were stained using the avidin-biotin complex
method with retrieval under high pH. Prediluted monoclo-
nal antibodies (mAb) to CD3 (rabbit mAb, Ventana Med-
ical Systems, Tucson, AZ), CD20 (mouse mAb, Ventana),
CD79a (mouse mAb, Ventana), Ki-67 (rabbit mAb, Ven-
tana), and CD21 (mouse mAb, Novocastra Laboratories
Ltd., Newcastle on Tyne, UK) were used for the analysis
of lymphoid infiltrates. The slides were deparaffinized by
heating at 56°C for 30 minutes and by three washes, 5
minutes each, with xylene. Tissues were rehydrated by a
series of 5-minute washes twice in 100% alcohol (95%
ethanol and 5% methanol), twice in 95% alcohol, and in
distilled water. After blocking with universal blocking se-
rum (Ventana) for 30 minutes, the samples were incu-
bated with each primary mAb at 37°C for 32 minutes. The
samples were then incubated with biotin-labeled second-
ary mAb and streptavidin-horseradish peroxidase for 30
minutes each. The slides were developed with 3,3=-di-
aminobenzidine tetrahydrochloride substrate (Ventana)
and counterstained with hematoxylin and bluing (Ven-
tana). The tissue samples were dehydrated and cover-
slipped. Appropriate cell conditioning (according to Ven-
tana recommendations) was used for antigen retrieval for
all antibodies. A negative control was included of nonim-
mune mouse sera and omitting the primary antibody dur-
ing the primary antibody incubation step. The positive
controls were selected according to Ventana recommen-
dations for CD3, CD20, CD79a, and Ki-67 and Novocas-
tra recommendations for CD21.

Blinded mAb-stained tissue slides were examined si-
multaneously by two independent pathologists (F.K. and

D.C.). In case of disagreement, consensus was reached
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by re-evaluation of the slides. The positivity of the stains
was calculated semiquantitatively by estimating the per-
centage of nuclear positivity in the lymphoid cells.

Statistical Analysis

For each gene, a single probe set with the highest SD
across all samples was selected among multiple probe
sets available on the array that mapped to the same gene
symbol. Significance of linkages of gene profiles to pa-
tient survival was analyzed statistically by both analysis of
variance and Wilcoxon rank-sum tests. For data pre-
sented in illustrations, significance was analyzed by Fish-
er’s exact test (P values).

Results

Immune Gene Profiling

We identified several tightly correlated sets of genes
(metagenes) biologically related to inflammation and
immune response. Metagene analysis was performed
on samples from the MCC CRC500 tumor bank and
CRCs were sorted by low versus high gene scores. In
all, 326 gene-chipped CRCs were evaluated from this
tumor bank, using gene chip technology. The chip
contained 20,155 unique genes. Approximately 50
separate metagene groupings were derived. Among
these, one metagene grouping (metagene 1) was iden-
tified with overwhelming enrichment for immune-re-
lated and inflammation-related genes; it was also the
largest metagene in terms of number of genes (320
unique immune gene symbols). Of the 326 CRCs, 21
tumors from 20 patients were selected as reflecting the
10 highest and 11 lowest values of the mean score of
metagene 1 (Figure 1A).

Pathological and Clinical Findings

The patients with 21 CRCs selected by the 10 highest
and 11 lowest values of the mean score of metagene 1
had a median age of 69 years (range, 51 to 83 years);
13 were male and 7 were female. Most of the primary
CRCs were moderately differentiated (n � 16); of
these, eight were metagene 1 high scoring and eight
were metagene 1 low scoring. Three tumors were well
differentiated; of these one was metagene 1 high and
two were metagene 1 low. The one poorly differentiated
CRC was metagene 1 high. Thus, there was no defin-
able correlation between CRCs selected by metagene
1 score and their grade of differentiation.

We also examined the relationship between overall
survival of the patients and the immune response as
quantified by the score of metagene 1 for the 21 selected
CRCs. These metagene 1 selected CRCs segregated as
overall survival time of �2 years versus overall survival
time of �2 years. There was a significant trend of in-
creased overall survival (�2 years) of patients with CRCs

with the highest values of the mean score of metagene 1.
Histopathological and IHC Findings

Microscopically, all 11 of the lowest metagene 1-scored
CRCs revealed a minimally dispersed or absent lympho-
cytic peritumoral host response, and low to no apprecia-
ble expression for lymphocytic markers (Figure 2, A and
B). Conversely, all 10 of the highest metagene 1-scoring
CRCs samples revealed a marked peritumoral lympho-
cytic host response that was organized, remarkably, as
ectopic lymph node-like structures evident by H&E stain-
ing (Figure 2C) and by IHC (Figure 2, D–I), particularly at
the invasive edge of the tumors. Of note, there was no
statistically significant difference (P � 0.05) between the
presence of ectopic lymph node-like structures and sex,
tumor grade, tumor site location, high microsatellite in-
stability (MSI-H)/microsatellite stability (MSS) status, and
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Figure 1. A: The observed range of the immune response as represented by
the metagene 1 score. Shown are the CRCs that have the 10 highest and 11
lowest values of the mean score of selected immune metagenes, sorted by
the mean metagene score. B: The relationship between patient overall sur-
vival (OS) and the immune response as quantified by the metagene 1 score
on selected CRCs with known status of ectopic lymph node-like structures
confirmed by IHC. CRCs with and without lymphoid structures (high and low
metagene 1 scores, respectively) segregated into two groups: overall survival
time of �2 years versus �2 years. Score for metagene 1 is plotted on the y
axis.
tumor stage (Table 1).
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Ectopic lymph node-like structures were observed in-
tratumorally as well, occasionally accompanied by a
lightly diffuse pattern of lymphocytes within the tumor
parenchyma. The lymphoid structures were found to con-
tain follicles. The majority of the CD3� T cells were lo-
cated in parafollicular cortex-like zones (Figure 2, D, H,
and I); scattered CD3� T cells were occasionally seen
within these tumors as well. CD20� B cells were present

B CA

D E F

G

T

B
H I

T

T

J

Table 1. Molecular Signatures That Identify the Presence of Ecto
MSI-H/MSS Status, Stage, and Patient Treatment

Signatures* Tumor†
Ectopic lymph

nodes Tumor site

� T2151 � rectum
� T4555 � left
� T252 � right
� T2638 � rectum
� T4948 � sigmoid
� T1923 � left
� T462 � rectum
� T568 � left
� T3701 � right
� T3395 � sigmoid
� T5108 � right
� T2648 � rectum
� T5029 � sigmoid
� T3138 � left
� T6190 � sigmoid
� T2588 � left

� T2157A1/A3 � right
� T4376 � left
� T5162 � left
� T2412 � left

*Metagene 1 and 12-chemokine signature.
†
CRCs that have the 10 highest and 10 lowest metagene 1 and 12-chemokin
MSI-H, CRCs with high levels of microsatellite instability; MSS, CRCs with mi
almost exclusively within the follicular structures (Figure
2, E and F). In every case, CD79a� B-cell precursors
were identified within the lymphoid follicles (Figure 2G).
CD21� dendritic cells were present within the follicular
germinal centers, establishing the true follicular nature of
the lymphoid aggregates (Figure 2J). Ki-67 expression
was found only in the highest metagene 1-scoring CRC
samples, suggesting that these germinal centers are in a

B

S

Figure 2. Analysis of primary CRCs with H&E
staining and IHC. All 11 of the lowest gene sig-
nature-scored CRCs revealed a lightly dispersed
or absent lymphocytic peritumoral host re-
sponse, and low to no appreciable expression of
the B cell marker CD20 (A) and the T cell marker
CD3 (B). All 10 of the highest gene signature-
scored CRCs revealed a marked peritumoral
lymphocytic host response, organized as ectopic
lymph node-like structures (arrows), by H&E
staining (C) and by IHC. (D–I). CD20� B cells (E
and F), CD79a� B cells (G), and CD21� follicu-
lar dendritic cells (J) are concentrated in the
center of follicles, with CD3� T cells (D, H, and
I) appearing in the parafollicular cortex or mar-
ginal zones and with some dispersion into the
follicles. In some cases, a fibrous stroma was
observed to encapsulate a follicle (I). J: The
arrow indicates a follicle at the front edge of the
invading colonic adenocarcinoma. B, B cells; S,
stroma; T, T cells (H and I) or tumor (J). Mag-
nification: A, �100; B, �100; C, �40; D, �200;
E, �200; F, �100; G, �100; H, �100; I, �200; J,
�100.

ph Node Structures Are Independent of Tumor Site Location,

status
Dukes/TNM

stage Treatment

D/IVA 5FU
B/IIA none
C/IIIC 5FU � radiation
C/IIIB 5FU/irinotecan
C/IIIB 5FU � radiation
B/IIA 5FU
B/IIA none
NA 5FU/mitomycin/irinotecan � radiation
C/IIIB 5FU
B/IIB none
NA 5FU
�/0 none
C/IIIB NA
NA 5FU/irinotecan
D/IVA 5FU/irinotecan/cetuximab/irinotecan
B/IIC 5FU/irinotecan/5-FUDR � mitomycin/

irinotecan � radiation
MSS D/IVA none

B/IIC 5FU/irinotecan
B/IIC 5FU � radiation
C/IIIB 5FU/irinotecan/cetuximab
T

pic Lym

MSI-H/

MSS
MSS
MSS
MSS
MSS
MSI-H
MSS
MSS
MSI-H
MSI-H
MSS
MSS
MSI-H
MSI-H
MSS
MSS

MSS/
MSS
MSS
MSS
e signature scores.
crosatellite stability; NA, not available.
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different stage of maturation. Lymphocytic proliferation
was found to contain both B and T lymphocytes, which
suggests newly formed and/or activated ectopic lymph
node-like structures. Together, these findings support the
hypothesis that these follicles represent secondary
and/or tertiary ectopic lymph node-like structures.

Identification of a Chemokine Gene Signature

Heat mapping revealed a strong correlation of associa-
tion between the chemokine gene profile and the pres-
ence of ectopic lymph node-like structures in CRCs (Fig-
ure 3A). Hierarchical clustering of tumors with and
without lymphoid structures was performed on a selected
set of known chemokine genes (Figure 3B). There was a
strong correspondence between score mean cutoffs for
metagene 1 and the chemokine gene set. For each gene,
a single representative probe set with the highest dy-
namic range across all profiled samples was picked up
from all probe sets that mapped to a given gene symbol.
Genes were clustered using Pearson’s correlation dis-
tance metric and tumors were sorted by gene scores
(Figure 3B). Figure 4A shows a heat map of 326 colorectal
tumors and 12 genes comprising metagene 1, sorted by the
metagene score (mean of probe sets that map to a given
12-gene set of genes). Table 2 shows the hierarchical clus-
tering of 326 CRC tumors and the selected 12 chemokines
(ie, CCL2, CCL3, CCL4, CCL5, CCL8, CCL18, CCL19,
CCL21, CXCL9, CXCL10, CXCL11, and CXCL13) that were
most correlated with the metagene 1 score. For each
chemokine, the gene symbol, the numerical order on the
corresponding probe set when processed with the Af-
fymetrix Power Tools software package, and probe-set
identification are shown. Collectively, these data demon-
strate that the chemokines (because of their potent, biolog-
ical attraction of immune cell subtypes) track strongly with
the formation or presence of ectopic lymph node-like struc-
tures in CRC tumor masses.

Molecular Signatures and Clinical Parameters

Both metagene 1 and the 12-chemokine gene signature
that identifies the presence of ectopic lymph node-like
structures in CRCs are independent of tumor staging
(both TNM and Dukes), tumor site location, MSI-H/MSS
status, and treatment received (ie, surgery alone, surgery
plus chemotherapy with or without external beam radia-
tion) (Table 1).

We also examined the relationship between overall
survival of the patients and metagene 1 and the 12-
chemokine gene signature for the 21 selected CRCs.
These groups of signature-selected CRCs were plotted
as those with overall survival time of �2 years and �2
years (Figure 4B). There was a significant trend of in-
creased overall survival (�2 years) of patients with CRCs
with the highest values of the mean score of the 12-

chemokine gene signature.
Identification of T Cell Activation-Related Gene
Signatures

Heat maps revealed strong correlations of association
between gene profiles for cytotoxic cells (ie, lysosomal/
proteolytic enzymes, granzymes, and Fc�R2s) and den-
dritic cells (S100 family and CD209) and the presence of
ectopic lymph node-like structures in CRCs (see Supple-
mental Figures S1A and S2A at http://ajp.amjpathol.org).

A

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5
C

he
m

ok
in

es
 S

co
re

Chemokines
(Confusion Matrix: TP=10, FP=0, FN=0, TN=11)

plotted value=input value - adjustment, adjustment=-0.043074

T3
13

8
T2

15
7A

3
T5

10
8

T2
15

7A
1

T2
58

8
T2

41
2

T5
16

2
T5

02
9

T2
64

8
T4

37
6

T6
19

0
T5

68
T2

15
1

T1
92

3
T4

94
8

T2
52

T3
39

5
T4

62
T3

70
1

T2
63

8
T4

55
5

Accuracy=1
Sensitivity=1
Specificity=1
Significance=3e-6
ROC AUC=1
PPV=1
NPV=1
ANOVA p-value=4e-9
Wilcoxon p-value=1e-4
Fold Change=+4.1

Red(with LN)
Blue (without LN)

B

Figure 3. Chemokines are up-regulated in tumors with ectopic lymph node
structures. A: Heat map of mean-centered intensities, averaged within each
probe set across all tumors shown. For each gene, a single representative
probe set with the highest dynamic range across all profiled samples was
picked up from all probe sets that mapped to a given gene symbol. Genes are
clustered using Pearson’s correlation distance metric; tumors are clustered
using Euclidean distance metric. Ward’s linkage criterion was applied for
both tumors and genes. Along the y axis, red versus blue identifiers indicate
CRCs with versus without lymphoid structures. B: Hierarchical clustering of
tumors with and without lymphoid structures was done on a selected set of
known chemokines. The chemokine score is the mean value of chemokines
as averaged across all probe sets shown for the heat map.
Hierarchical clustering of tumors with and without ectopic
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lymph node-like structures were then performed on a
selected set of known cytotoxic and dendritic cell-related
genes (see Supplemental Figures S1B and S2B at http://
ajp.amjpathol.org). There was a strong correspondence
between score mean cutoffs for metagene 1 and cyto-
toxic and dendritic cell-related gene sets. For each gene,
a single representative probe set with the highest dy-
namic range across all profiled samples was picked up
from all probe sets that mapped to a given gene symbol.
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Figure 4. The 12 selected chemokines that correlate with metagene 1. A:
Heat map of 326 colorectal tumors and 12 genes comprising metagene 1
sorted by the metagene score (mean of probe sets that map to a given
12-gene set of genes). The profile below the heat map demarcates the 10
samples with the highest metagene score and the 11 samples with the lowest
metagene score. B: The relationship between patient overall survival and the
immune response as quantified by the score of chemokine genes on selected
CRCs with known status of ectopic lymph node-like structures confirmed by
IHC. CRCs with and without lymphoid structures (high and low metagene 1
scores, respectively) segregated into two groups: overall survival time of �2
years versus �2 years. Scores for the chemokine genes are plotted on the y
axis.
Genes were clustered using Pearson correlation distance
metric; tumors were sorted by the gene score (see Sup-
plemental Figures S1B and S2B at http://ajp.amjpathol.
org) and were computed as the mean value for each
tumor across all genes shown. Collectively, the cytotoxic
and dendritic cell-related genes reflect an important im-
mune cell composition of ectopic lymph node-like struc-
tures in CRC.

There was a significant trend of increased overall sur-
vival (�2 years) of patients with CRCs with the highest
values of the mean score of the cytotoxic and dendritic
cell-related gene signatures (see Supplemental Figure
S3 at http://ajp.amjpathol.org).

Discussion

It has been shown that growing, human solid tumors are
infiltrated by immune cells. Data characterizing the na-
ture of this host immune response in a wide variety of
distinct tumor types have been reported recently,2–9 in-
cluding primary CRCs.18 Many of these studies de-
scribed the subset composition of the lymphocytic infil-
trates that were either distributed diffusely within tumor
parenchyma or localized diffusely at the peripheral rim of
the mass. In contrast, we have now identified, through the
use of immune-related gene signatures, a subset of pri-
mary CRCs that contain distinct, ectopic lymph node-like
structures, with some showing frank germinal center for-
mation and germinal cell maturation. These structures
were particularly localized at the invasive front edge of
the tumor. For this analysis, we selected 21 CRCs as
extreme cases (ie, 10 with the highest gene scores and
11 with the lowest gene scores). In this regard, it is
acknowledged that the present study should be viewed

Table 2. Chemokine Gene Expression in Human Colon
Tumors: A 12-Gene Signature Predicts Presence of
Ectopic Lymph Nodes

MCC CRC500: Chemokine correlation to metagene 1

Probe Probe set Symbol � (%) P value

65 1405_i_at CCL5 83 0E � 00
17867 204655_at CCL5 83 0E � 00
52045 1555759_a_at CCL5 81 0E � 00
17288 205242_at CXCL13 72 0E � 00
18402 204103_at CCL4 72 0E � 00
18665 203915_at CXCL9 72 0E � 00
18007 204533_at CXCL10 66 7E � 42
12512 210072_at CCL19 61 4E � 34
235 32128_at CCL18 58 2E � 30
8658 214038_at CCL8 58 1E � 30
12636 209924_at CCL18 58 8E � 31
6122 216598_s_at CCL2 57 4E � 30
17425 205114_s_at CCL3 56 2E � 28
11482 211122_s_at CXCL11 55 1E � 27
12419 210163_at CXCL11 55 1E � 27
17905 204606_at CCL21 53 5E � 25

Hierarchical clustering of 326 CRCs and the 12 chemokines selected
(CCL2, CCL3, CCL4, CCL5, CCL8, CCL18, CCL19, CCL21, CXCL9,
CXCL10, CXCL11, CXCL13) that most correlated with metagene 1 score.
For analysis, tumors were sorted by the metagene score, and chemokines
were clustered using Pearson’s correlation distance metric and Ward’s
linkage criterion. For each chemokine, the gene symbol, numerical order

on the corresponding probe set when processed with the Affymetrix
Power Tools software package, and the probe set identifier are shown.
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within the realm of biomarker discovery, because we
used relatively small numbers of well chosen cases. For
final validation, a follow-up study will be necessary on a
much larger cohort of unselected patients. We are eval-
uating additional samples of CRCs with intermediate
scores and, to date, have found these CRCs to show a
sparse and/or diffuse, uniformly distributed pattern of
lymphoid infiltrate, similar to that described by others,18

and lacking definable ectopic lymph node-like structures.
There is a known association of a Crohn’s-like lympho-

cytic infiltrate with typically forming right-sided, familial or
sporadic CRCs with microsatellite instability (MSI-H) and
better prognosis (ie, survival) compared with microsatel-
lite-stable mucinous carcinoma.19–21 In contrast, there
was no definable correlation in the present study be-
tween tumor site location (ie, right side versus other lo-
cations) in the colon or MSI-H/MSS status (Table 1) and
the CRCs selected by the immune-related gene signa-
tures showing the presence of ectopic lymph node-like
structures and correlating with better patient survival
(Table 1).

The cellular composition of the ectopic lymphoid folli-
cles, shown by IHC, is similar to that of fully mature,
encapsulated lymph nodal structures. Germinal center
formation is particularly evident in infants and children,
but less so in young adults and often absent in older
individuals.22 The most impressive germinal center for-
mation is seen in lymph nodes normally exposed to an-
tigenic stimulation, the mesenteric lymph nodes being a
good example of this process. It is possible, therefore,
that functional tertiary lymphoid structures within certain
CRCs may be a site of recognizing tumor-associated
antigens and building up an antitumor immune response,
which could beneficially affect clinical outcome.

Similar lymphoid structures have been reported in
solid tumors. For example, Coronella-Wood et al2,3 de-
scribed breast tumor-infiltrating lymphocytes composed
of B-cell aggregates containing interdigitating CD21� fol-
licular dendritic cells. The presence of ectopic, organized
lymphoid tissue has also been reported in tumors of
ovary,8,9,23 colon,24,25 and lung.6,7 Such studies have
mostly focused on the presence of dendritic cell sub-
populations, the level of which predicted better prognosis
in some tumor types.7,8,26 A similar correlation was re-
cently reported for patients with CRC.10 The formation of
ectopic tertiary lymphoid follicles and lymphoid cell ag-
gregates had been earlier noted in nonmalignant condi-
tions as well,10,11 particularly in the settings of autoim-
mune disease (eg, rheumatoid arthritis) and chronic
inflammation.27,28 The development of these ectopic lym-
phoid structures in a background of chronic inflammation
has been investigated in detail in studies taking advan-
tage of transgenic models of secondary and tertiary lym-
phoid organogenesis. The use of such models has es-
tablished that these lymphoid areas are composed of B
and T lymphocytes, as well as specialized stromal cells
and high endothelial venules.

In one of the possible mechanisms for the generation
of the ectopic lymph node-like structures in adults, it can
occur independently of Id2-dependent lymphoid tissue-

inducer (LTi) cells, and depends on a program initiated
by mature CD3�CD4� T cells, which interact with local
dendritic cells.29,30 Another mechanism suggests the di-
rect involvement of chemokines and LTi cells. In this
regard, CXCL13 and CCL21 have been shown to attract
LTi cells, and CXCL13 is exclusively essential for lymph
node development by early clustering of LTi cells.31

Moreover, we have shown in murine tumor models that
dendritic cells genetically modified to secrete CCL21 can
produce lymphoid cell aggregates in vivo and, impor-
tantly, can prime naïve T cells extranodally within tumor
masses, resulting in the generation of tumor-specific T
cells and subsequent tumor regression.32 Of note,
CXCL13 and CCL21 are indeed components of our iden-
tified 12 chemokine gene classifier (ie, CCL2, CCL3,
CCL4, CCL5, CCL8, CCL18, CCL19, CCL21, CXCL9,
CXCL10, CXCL11, and CXCL13) that segregates CRCs
with ectopic lymph node-like structures.

The 12 chemokines comprising our identified gene
signature track with the formation of the ectopic lymph
nodes within the CRCs; we believe that this tracking is
due to their known potent, biological attraction of immune
cell subtypes33 For example, as already noted, CXCL13
and CCL21 (and CCL19) have coordinated involvement
in LTi cell homing and lymph node development. CXCL13
has also been reported within B-cell follicles, and it is
known to be highly selective for B cell attraction. CCL19
and CCL21 are known to be critical in normal lymphocyte
homing of T cells (and dendritic cells) in secondary
lymph nodes. As a group, CXCL9, CXCL10, and CXCL11
are all related T-cell attractants and, as a group, CCL2,
CCL3, CCL4, CCL5, CCL8, and CCL18 are powerful che-
moattractants (with some individual degrees of differ-
ences) for monocytes/dendritic cells, T cells, B cells, and
NK cells (including those at either naïve or activated
states). Notably absent from our identified 12-chemokine
gene signature are CCL1, CCL20, and CCL22, which
have been shown to selectively recruit and/or maintain T
regulatory cells.9,34–37 Recently, Harlin et al38 described
a subset of six chemokines (namely, CCL2, CCL3, CCL4,
CCL5, CXCL9, and CXCL10) preferentially expressed in
melanoma metastases that contained a diffuse pattern of
T cells. Notably, these 6 chemokines are included in the
12-chemokine gene signature identified in the present
study. It is also of interest that chemokines may be pres-
ent in inflamed tissues that do not yet have defined lym-
phoid infiltrates,39 suggesting that these molecules are
induced by either the inflammatory response or by tumor
cells themselves, before the formation of the ectopic
lymph node-like structures.

In situ and molecular analyses of tumor-infiltrating cy-
totoxic and memory CD3� T cells may be a valuable
prognostic and/or subcategorization tool in CRCs40 and
in melanoma.41 In addition, dendritic cells are critical for
the maintenance of tertiary lymphoid structures,42 and
S100� dendritic cells are an important component of
non-neoplastic and neoplastic lymphoid follicles.43 Of
particular interest to the present study, dendritic cells
isolated by others from inducible bronchus-associated
lymphoid tissue have been found to be a source of
CXCL12, CCL19, and CCL21 (which, notably, again ap-

pear in our 12-chemokine gene signature). We also found
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that gene profiles of cytotoxic cells (ie, lysosomal/proteo-
lytic enzymes, granzymes, and Fc�R2s) and dendritic
cells [ie, S100 family (24 different types) and CD209]
correlated with the presence of ectopic lymph node-like
structures (see Supplemental Figures S1–S3 at http://
ajp.amjpathol.org). Of importance, these cytotoxic and
dendritic cell markers accurately reflected components
of immune cells comprising these structures, as demon-
strated by IHC. As with the chemokine gene classifier,
there was a significant trend of increased overall survival
(�2 years) of patients with CRCs with the highest values
of the mean score of the cytotoxic and dendritic cell-
related gene signatures (see Supplemental Figure S3 at
http://ajp.amjpathol.org). These two signatures, similar to
the chemokine gene classifier, were also found to be
independent of tumor staging (ie, Dukes) and treatment
received (ie, surgery alone, surgery plus chemotherapy
with or without external beam radiation).

In sum, we have identified a 12-chemokine gene sig-
nature that strongly predicts the presence of ectopic
lymph node-like structures in primary CRCs. This molec-
ular classifier and the presence of these lymphoid struc-
tures correlate with better patient prognosis, irrespective
of other defined variables. Based on their known selec-
tive capacity to potently recruit and concentrate immune
cell subsets in vivo and also their known association with
peripheral lymph node formation and function,44,45,46 we
hypothesize that the chemokines locally produced within
the microenvironment of the CRC mass are directly re-
sponsible for the formation of the ectopic lymph node-like
structures. We also hypothesize that these lymphoid
structures are active and are playing an important, pos-
itive role in eliciting an endogenous anti-tumor immune
response (initially local but becoming systemic) that re-
sults in better overall survival of patients. This hypothesis
is strengthened by a further association with the T-cell
activation-related gene signatures likewise identified in
the present study, which we believe correctly reflect the
cellular immune composition of the ectopic lymph node-
like structures. Based on the knowledge that tumor infil-
trating lymphocytes can have profound anti-tumor activity
in patients,46 we are in the process of determining the
functional nature of the ectopic lymph node-like struc-
tures in the laboratory. Last, we believe that our findings
raise the intriguing possibility of preselecting CRC pa-
tients (and conceivably those with other solid tumor
types) for immunotherapy interventions based on molec-
ular signatures that can identify the presence of tumor-
localized, ectopic lymph node-like structures. We believe
this form of patient trial matching is now feasible. Whether
it will lead to improvement in therapeutic responses
awaits testing.47
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